Abstract: Urban sustainability has been connected to form and compactness of the urban tissue. At the same time the relationship between urban form and energy efficiency is strongly affected by climate. This paper investigates the effect of climate conditions on the relation between urban morphology and energy efficiency of urban blocks, focusing on the Greek city context. A set of building block typologies is analyzed with regard to their form factors such as S/V ratio, coverage ratio and building ratio for the climatic conditions of two cities, each one belonging to a different climatic zone. Heating and cooling loads are calculated at an urban block scale for the climate of the city of Thessaloniki (zone C) and of the city of Heraklion (zone A) in order to draw conclusions about the relation between geometry factors and energy efficiency. The results of the research indicate that there is a strong relationship between urban morphology factors and energy efficiency and that the total load demand of urban blocks can be described as a function of form parameters. Results of the research, concerning the energy demand calculation, are valuable since they indicate the energy profile of each typology according to climate and can be used for defining different urban strategies towards sustainability in a context-based climate dependent analysis.
Introduction
The study of the environmental quality of the urban space is connected to the built environment as a key factor for achieving sustainability. It is a fact that the amount of building's operational energy consumed for heating and cooling contributes to the bad air quality in contemporary cities and to the increased greenhouse gas (GHG) emissions affecting the global climate change.
The aim of this paper is to define patterns of sustainability in the existing urban tissue of the Greek city. The assessment of existing urban configurations can on the one hand contribute to a great extent on the identification of the factors that create more or less energy efficient urban areas and on the other hand on the definition of the way these factors affect the overall energy performance of buildings.
State of the Art
Theory examining the sustainability of urban areas is largely targeted towards compactness. However, compact cities have been considered as the main reason for the low quality of life owed at the resulting increased density of urban areas [1] [2] [3] [4] [5] . It is a fact that energy efficiency at the urban scale is not always easy to be predicted as factors defining the energy demand are often contradictory. A compact urban form does not provide a de facto better energy performance of the urban tissue than a less compact one.
Owens [6] pointed out that it should be taken into account that there is a certain point beyond which the benefits of compactness resulting from minimizing heat loss and transportation needs
Scope of the Research
Following the fact that the building stock of the Greek city suffers from degradation, low quality of construction and an inefficient energy performance, with more than 25% of the building stock ranking in the lowest energy efficiency category according to the Greek regulation for the Energy Efficiency of Buildings (KENAK), a climate sensitive study of the energy efficiency of the built environment can be valuable. Measures of upgrade could be guided by the results of this study to those areas which present the worse energy performance profile. Moreover results could also help recognize to which extent compactness is related to energy efficiency.
This study supports that a modeling framework of urban form parameters is needed combining on a single function of form parameters, the energy demand in the Greek city context. This paper presents an innovative approach for achieving this purpose, as despite the fact that it is based on a typology basis, it also includes detailed geometry and form information of the urban blocks examined. This can make conclusions adaptable to the real city scenario instead of using abstract urban forms which would lead on abstract results as well.
For the scope of the research 28 typical urban blocks of different form and geometry are analysed for the climate of two cities (Thessaloniki and Heraklion) each one belonging to a different climatic zone of Greece. According to the Greek energy performance regulation, Greece is divided into four climatic zones (A, B, C and D; A is the warmest and D is the coldest). The city of Thessaloniki belongs to zone C and the city of Heraklion belongs to zone A ( Figure 1 ). The typologies selected to be examined are representative of the continuous urban tissue of the Greek city centers, where the upgrade of the energy performance is imperative not only in economic terms but also in terms of improvement of the quality of life. The study examines their energy performance concerning heating and cooling, pointing out not only correlations of geometry parameters to the energy demand, but also differences and similarities in the contribution of geometry and form to space load demand in different climatic conditions.
Besides, well-known factors of urban form the research examines the form of the inner court of urban blocks in order to relate it to energy efficiency. Inner court geometry is a factor which is very important to take it into account in the specific urban context as it is not defined by a random development but it is in a great extend the result of building regulations and plot sizes dominant in the Greek urban tissues.
In addition this paper aims not only to define the main parameters that affect energy demand at the urban block scale but also to quantify this relation on a single equation which will be able to Figure 1 . The four climatic zones of Greece as defined by the national energy performance regulation and the two examined cities (Thessaloniki and Heraklion) position in the map. Source: [33] , edited by the authors.
Methodology
The methodological basis of the research, as described in the next paragraphs, follows a typology approach by examining the prevailing urban block types in the central areas of the Greek city in order to define their energy performance. This means that the urban blocks examined are representative types, including all form and geometry factors that are associated to building's energy efficiency. This approach has two main objectives.
The first is to avoid complexity existing in all real urban tissues of old European cities in order to manage in an efficient and feasible way the large amount of different urban block forms that can be distinguished. The second is to create a set of comparable cases in order to be able to draw not only case sensitive but also more general conclusions on the effect of the urban form on the energy efficiency in different climates. This is why the typologies that are examined might not necessarily have the same degree of representativeness for the two cities. Others might be more suitable for representing the urban tissue of Thessaloniki and others more suitable for expressing the typical urban tissue of the city of Heraklion. However, they have all been examined for both climates in order to be able to draw conclusions on a comparative basis.
The presented study of the urban form refers mainly to the physical form of the city including buildings, streets and urban blocks. Besides, according to Levy [34] the urban form and its study depend always "on the starting point of view, on a view of the form, on a prior definition that delimits the contour and the approach, to be verified on the ground". In this context the current research focuses on the built form, the open space created by streets and free spaces and it takes into account urban block patterns of the Greek urban tissue. Human factor is taken into account in terms of indoor The four climatic zones of Greece as defined by the national energy performance regulation and the two examined cities (Thessaloniki and Heraklion) position in the map. Source: [33] , edited by the authors.
The presented study of the urban form refers mainly to the physical form of the city including buildings, streets and urban blocks. Besides, according to Levy [34] the urban form and its study depend always "on the starting point of view, on a view of the form, on a prior definition that delimits the contour and the approach, to be verified on the ground". In this context the current research focuses on the built form, the open space created by streets and free spaces and it takes into account urban block patterns of the Greek urban tissue. Human factor is taken into account in terms of indoor conditions that should be fulfilled in order to provide a comfort indoor environment, in terms of building uses and the corresponding operational schedules.
Urban form is examined in its present condition, aiming to assess its energy performance and to propose measures to improve it in the future. As the majority of buildings in the central areas of the Greek cities have been built between 1960 and 1980 [35] when the thermal insulation regulation had not been applied yet, the research suggests that the mass retrofitting of the Greek city is a challenge that should be faced in the near future. Urban morphology studies relating the energy performance to form parameters could be a leading point for setting priorities and targeting measures in an efficient way. In addition, it is useful to identify the parameters of form and geometry that could improve energy efficiency in order to take them into account in future building regulations' recasts and in the expansion of urban plans.
A simulation approach is followed for the calculation of heating and cooling loads and statistical analysis is also performed in order to correlate form and geometry parameters to the calculated energy demand. A linear regression model is developed for each one of the two climates, in order to define energy demand through the parameters which mainly affect energy performance. The regression model aims to predict the energy profile, of any urban block under the boundaries set in the current research and to quantify the contribution of all significant form parameters on the energy demand for each climatic zone examined.
Study Area and Climate
As already mentioned, the analysis of the energy efficiency of urban blocks is performed for the climate of two cities ( Figure 1 ) corresponding to climatic zone A (Heraklion) and C (Thessaloniki).
The city of Thessaloniki is situated in the northern of mainland Greece in the region of Central Macedonia (latitude 40.50 • N, longitude 23.00 • E). The form of the city is organized around a narrow central area, which is surrounded by two large sectors in the west and east (Figure 2a ). The geomorphology of the area consists of highland in the north, Thermaikos bay in the south and abundant agricultural land in the east and west. The city's center urban plan is characterized mainly by an orthogonal grid with several urban block sizes forming different layout plans. Building heights differ significantly ranging from 10 m to 26 m. The urban tissue of the old town in the north of the city is characterized by a more organic layout, with smaller buildings having one or two floors, retaining however a dense and compact urban form in terms of land coverage.
The city of Heraklion is situated in the southern of Greece in the north of the island of Grete (latitude 35.30 • N, longitude 25.20 • E). The city faces the Aegean Sea towards the north (Figure 2b ). Heraklion is significantly smaller than the city of Thessaloniki; however, it is the largest city of the island of Crete, the capital of the region and the fourth largest city in Greece after Athens, Thessaloniki and Patras [35] . The urban tissue is characterized by a central core surrounded by the Venetian fortification walls, forming a core city which has expanded outside the walls towards the south in a homocentric urban plan. The majority of building heights range between 10 m and 16 m, but there are also buildings with a 19 m height and older buildings with one or two floors.
Despite the fact that they both are seaside cities, climate conditions differ significantly during the year as they are situated in different latitudes. Figure 3a presents the average temperature, for each month of the year, for the two cities, and Figure 3b the solar radiation per month for each city. Thessaloniki, not only presents lower temperatures during the whole year, but it also has less solar radiation especially during spring and autumn.
The urban fabric of the city center of both cities presents a high degree of coverage of the built space and is densely built (Figure 4 ). In more distant areas the cities have also discontinuous urban tissues with a variety of urban block typologies, but the analysis of discontinuous form exceeds the scope of this paper. [35] . [35] .
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Urban Block Typologies Description and Analysis
The typical urban blocks analysed in this study have different layout plans, form and geometry parameters and are characterized by a relatively high coverage ratio. They are organised in three different groups according to the building height. Each urban block examined is a representative typology of the urban tissue of the Greek city [37] . Urban block typologies are formed by combining a number of typical buildings, which represent the most common building types. A database of typical building typologies from [37] was used for this purpose.
The analysis focuses on urban blocks having a continuous form meaning that buildings are attached to each other forming a compact volume. Besides, this is also imposed by the high values of coverage ratio of the examined cases.
According to the fact that urban blocks are characterized by a small range of coverage ratio, the degree of compactness is mainly defined by the corresponding building ratio, which is apparently related to the building height and by the resulting surface to volume ratio, which expresses the ratio of exposed surface to the urban block's volume. Building ratio is calculated by dividing the total built surface in all floors by the plot surface. It should be also mentioned that all parameters expressing geometry or compactness refer the urban block scale and not to the building scale. This means that coverage ratio, building ratio, or S/V ratio values presented in this paper do not apply to the individual buildings, nor are they an aggregated index of individual buildings corresponding values, but they have been calculated for the total urban block volume independently of the number buildings included in the block.
Elements of the façade such as openings and balconies have common typical dimensions of the majority of Greek buildings, which were imposed during the past decades by the building regulations. The basic window size (width × height) dimensions taken into account are 1.30 m × 2.20 m respectively. The rule for positioning the windows in the façade follows a basic 3.00 m grid, which follows common practice for the division of plans of the Greek buildings, as in the majority of cases the basic room dimension is defined by a minimum 3.00 m width. The above mentioned rule for positioning windows on the typical building façade, results in a range of 24-32% of transparent to non-transparent vertical building surfaces. Balconies have all been designed in a common dimension for the front and the rear façade of the buildings accounting for 1.10 m and 0.90 m respectively.
The typical façade configuration for the front and the rear view of the buildings and 3D models of 3 typical building blocks are presented in Figure 5 . Buildings are divided in different thermal zones for each floor and they all have a central volume for the staircase and entrance with common plan dimensions which has been considered as a non-conditioned zone. This zone exceeds the height of the building in each case by 2.10 m, as is usually the case in Greek buildings in order to provide access on the flat roof.
Road width is considered to be 15.00 m for all building blocks examined, and the surrounding buildings have common form and geometry to each examined case. Of course in the Greek urban tissue there is a great range of street widths, including widths smaller than 15.00 m, but in this case urban block form is altered by the mandatory recession of the last floors. A consideration of larger road width could also provide important conclusions on the effect of this parameter on the energy efficiency of the urban tissue but in a general consideration the better solar access would have a favorable effect on energy performance during the heating period for the Greek climatic conditions.
The form and geometry parameters of the 28 examined urban blocks are presented in three tables (Tables 1-3) , describing the overall profile of each case. The typical urban blocks are grouped according to their geometry factors into three different groups of typical urban blocks as described below:
• Group 1, includes buildings with 7 floors corresponding to a 22 m height, a coverage ratio ranging from 0.61 to 0.74 and a building ratio ranging from 4.24 to 5.61 (Table 1) . The surface to volume ratio (S/V) ranges from 0.296 to 0.378. All buildings have 6 typical floors with a 3.00 m height and a ground floor with a 4.00 m height representing a non-residential use. Section geometry towards the street is described by a height to width (H/W) ratio of 1.47.
• Group 2 includes urban blocks with 5 floors and a corresponding height of 16 m. Coverage ratio ranges from 0.69 to 0.85 and building ratio from 3.14 to 4.24 (Table 2 ). All buildings have 4 typical floors with a 3.00 m height and a ground floor with a 4.00 m height with a non-residential use. Section geometry towards the street is described by a height to width (H/W) ratio of 1.07.
•
Group 3 includes buildings with a height of 10 m corresponding to 3 floors that consist of two typical floors having a three meter height and a ground floor with a 4.00 m height with a non-residential use. Coverage ratio ranges from 0.67 to 0.80 and building ratio from 2.00 to 2.41 (Table 3) . Section geometry towards the street is described by a height to width (H/W) ratio of 0.67.
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Energy Demand Calculation
For the calculation of heating and cooling load demand, a 3D computer model has been created in Ecotect Analysis 2011 for each one of the typologies. In order to be able to compare the results of the simulation several assumptions were taken into account during the construction of the simulation model.
First, all urban blocks are oriented in a similar way, having their larger axis parallel to the eastwest direction, in order to be able to compare the cases. Of course, orientation is an important parameter, which should be taken into account in the examination of urban tissues and especially when it comes to energy efficiency. However, this study is limited in a common orientation, which has been chosen after an orientation parametric analysis, carried out for the urban blocks of the city of Thessaloniki. The orientation chosen to be employed in this paper is neither the best (optimum) nor the worst. This choice was considered in order to compare a mean case scenario. Results of simulations on 8 different orientation angles have pointed out that the difference on total load demand ranges between 0.4% and 2.5%. This means that despite the fact that energy performance of urban blocks is influenced by different orientation, it is a less important parameter than other form factors when it comes to energy performance.
Second, as the vast majority of buildings in the Greek city centers have been constructed before 1980 and they are characterized by the lack of insulation of the building shell, all constructional elements (walls, roofs, load bearing elements etc.) are considered to be non-insulated and windows are single glazed with an aluminum frame. All buildings are considered to have similar construction (representing common practice in Greece) consisting of concrete load bearing elements and brick masonry walls. The U-values of all construction elements are presented in Table 4 . 
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Second, as the vast majority of buildings in the Greek city centers have been constructed before 1980 and they are characterized by the lack of insulation of the building shell, all constructional elements (walls, roofs, load bearing elements etc.) are considered to be non-insulated and windows are single glazed with an aluminum frame. All buildings are considered to have similar construction (representing common practice in Greece) consisting of concrete load bearing elements and brick masonry walls. The U-values of all construction elements are presented in Table 4 . The heating and cooling loads are calculated through simulation performed for a whole year period and in a month's interval for indoor temperature conservation between 20 °C and 26 °C 
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2925
Energies 2018, 11, x FOR PEER REVIEW 11 of 29 
Energy Demand Calculation
First, all urban blocks are oriented in a similar way, having their larger axis parallel to the eastwest direction, in order to be able to compare the cases. Of course, orientation is an important parameter, which should be taken into account in the examination of urban tissues and especially when it comes to energy efficiency. However, this study is limited in a common orientation, which has been chosen after an orientation parametric analysis, carried out for the urban blocks of the city of Thessaloniki. The orientation chosen to be employed in this paper is neither the best (optimum) nor the worst. This choice was considered in order to compare a mean case scenario. Results of simulations on 8 different orientation angles have pointed out that the difference on total load demand ranges between 0.4% and 2.5%. This means that despite the fact that energy performance of urban blocks is influenced by different orientation, it is a less important parameter than other form 0.67
First, all urban blocks are oriented in a similar way, having their larger axis parallel to the east-west direction, in order to be able to compare the cases. Of course, orientation is an important parameter, which should be taken into account in the examination of urban tissues and especially when it comes to energy efficiency. However, this study is limited in a common orientation, which has been chosen after an orientation parametric analysis, carried out for the urban blocks of the city of Thessaloniki. The orientation chosen to be employed in this paper is neither the best (optimum) nor the worst. This choice was considered in order to compare a mean case scenario. Results of simulations on 8 different orientation angles have pointed out that the difference on total load demand ranges between 0.4% and 2.5%. This means that despite the fact that energy performance of urban blocks is influenced by different orientation, it is a less important parameter than other form factors when it comes to energy performance.
Second, as the vast majority of buildings in the Greek city centers have been constructed before 1980 and they are characterized by the lack of insulation of the building shell, all constructional elements (walls, roofs, load bearing elements etc.) are considered to be non-insulated and windows are single glazed with an aluminum frame. All buildings are considered to have similar construction (representing common practice in Greece) consisting of concrete load bearing elements and brick masonry walls. The U-values of all construction elements are presented in Table 4 . The heating and cooling loads are calculated through simulation performed for a whole year period and in a month's interval for indoor temperature conservation between 20 • C and 26 • C respectively according to the national energy performance regulation. Concerning operation hours, all urban blocks are considered to be residential with a non-residential use on the ground floor level. This is why different operation hours were taken into account for the ground floor spaces and the spaces of the rest of the floors. It should be noted that all space load demand values presented hereinafter refer to an annual basis.
Analysis and Results

Definitions of the Parameters of the Analysis
The analysis focuses on defining the relation between the urban form parameters and the energy performance in two different climatic zones of Greece. This is why results of energy performance calculations are examined not only for each city but also on a comparative basis, trying to figure out similarities and differences among the three groups of urban blocks; in order to quantify the effect of different climatic conditions during the heating and cooling period as well.
First, the calculated space loads are presented and conclusions are drawn on the difference resulting on the load demand for the climate of each city. The results are compared for the heating and cooling loads separately in order to define the effect of urban form during the heating and the cooling period. In addition the total load demand is examined in order to draw conclusions on the energy profile of each urban block and the effect of geometry on the overall energy demand.
Second, the correlation of space loads to form parameters is examined. The Pearson correlation coefficient is used for the heating and cooling loads and for the overall load demand as well. Except from the coverage ratio, the building ratio and the S/V ratio, two additional parameters are examined:
1.
The inner court perimeter 2.
The urban block plot overall surface
The first intends to correlate the geometry of the uncovered space to energy performance, as it expresses the exposed shell towards the inner court of the urban block. Inner court perimeter can be a decisive factor if correlated to energy efficiency as in a great number of urban blocks the uncovered spaces have been designed with minimum dimensions in order to cover regulation requirements. This affects in many cases the quality of life, as inner court geometry in most cases results in reduced daylight availability and bad air quality. In addition, narrow uncovered spaces in the core of urban blocks with relatively high buildings result in reduced solar access while, the extended perimeter results often in extensive heat loss through the building shell, especially in the case of inadequate insulation.
The second parameter is examined in order to define the effect of the urban block size factor on the energy performance. As already mentioned, block size can vary significantly in the Greek urban areas, as it is defined by the road network density and geometry. A variety of urban block sizes has been examined, ranging from 1155 m 2 to 6864 m 2 . Besides, Bourdic et al. [38] propose three formulas for examining building compactness:
Traditional compactness (S/V) 2.
Size factor (V 1/3 ) and 3.
Form factor (S/V 2/3 )
Suggesting that size at the urban scale can affect significantly the assessment of energy efficiency they propose the use of S/V 2/3 ratio instead of traditional compactness in order to remove the size impact. In the current research, however, traditional S/V ratio is examined, as size is a factor that defines the existing urban tissue and the results intend to correlate its relation to the energy performance.
After the examination of correlation of the two above mentioned parameters a new parameter is proposed combining them into a single index called the Inner Court index. This index is defined as the ratio of the inner court perimeter CP to the overall urban block plot size PS. The definition of the Inner Court index intends to create a clear expression of the contribution of the inner court geometry with regard to block size on the energy demand as it is proved by the findings of this study it has a significant contribution on the definition of the energy profile of the urban block for both climates.
Space Load Demand Results
The calculated heating, cooling and total load demand for the 28 typologies of urban blocks for the climatic conditions of the city of Thessaloniki and of the city of Heraklion are presented in the histograms of Figures 6-8 respectively. Suggesting that size at the urban scale can affect significantly the assessment of energy efficiency they propose the use of S/V 2/3 ratio instead of traditional compactness in order to remove the size impact. In the current research, however, traditional S/V ratio is examined, as size is a factor that defines the existing urban tissue and the results intend to correlate its relation to the energy performance.
The calculated heating, cooling and total load demand for the 28 typologies of urban blocks for the climatic conditions of the city of Thessaloniki and of the city of Heraklion are presented in the histograms of Figures 6-8 respectively. KWh/m 2 . The range in both cases confirms the fact that urban form and geometry defines the energy performance of the Greek city in a great extent. Moreover, despite the fact that this is an urban block approach similar results on energy demand calculations are driven by building research for Greek climatic conditions validating, to a certain degree, the results of the research. Dascalaki et al. [39, 40] calculated the thermal load demand for several building typologies and concluded that for climatic zone A (Heraklion) load demand for non-insulated apartment buildings ranges from 55. 2 . The range in both cases confirms the fact that urban form and geometry defines the energy performance of the Greek city in a great extent. Moreover, despite the fact that this is an urban block approach similar results on energy demand calculations are driven by building research for Greek climatic conditions validating, to a certain degree, the results of the research. Dascalaki et al. [39, 40] calculated the thermal load demand for several building typologies and concluded that for climatic zone A (Heraklion) load demand for non-insulated apartment buildings ranges from 55. 10 For each examined urban block, a remarkable decrease in heating loads and an increase in cooling loads is indicated for the climate of Heraklion. Obviously the total energy demand is remarkably smaller for the city of Heraklion as in an average basis the total load demand for Heraklion is 43% smaller than the demand for the city of Thessaloniki. Besides, this is expected, as Heraklion is situated in southern latitude than Thessaloniki and thus it has a warmer climate.
In addition it is pointed out that the difference in the contribution of heating and cooling load in the overall energy demand is remarkable, as for the climate of Thessaloniki average heating loads account for the 92% of the total load demand and cooling loads only for the 8%, while for the climate of Heraklion average heating loads contribute by 81% on the total demand, while cooling loads by 19%. Despite the fact that heating loads are dominating in the total energy demand for both climatic zones, the significant increase in cooling demand calculated for the urban blocks in the case of Heraklion proves the degree at which energy demand can be affected by cooling demand. On the For each examined urban block, a remarkable decrease in heating loads and an increase in cooling loads is indicated for the climate of Heraklion. Obviously the total energy demand is remarkably smaller for the city of Heraklion as in an average basis the total load demand for Heraklion is 43% smaller than the demand for the city of Thessaloniki. Besides, this is expected, as Heraklion is situated in southern latitude than Thessaloniki and thus it has a warmer climate.
In addition it is pointed out that the difference in the contribution of heating and cooling load in the overall energy demand is remarkable, as for the climate of Thessaloniki average heating loads account for the 92% of the total load demand and cooling loads only for the 8%, while for the climate of Heraklion average heating loads contribute by 81% on the total demand, while cooling loads by 19%. Despite the fact that heating loads are dominating in the total energy demand for both climatic zones, the significant increase in cooling demand calculated for the urban blocks in the case For each examined urban block, a remarkable decrease in heating loads and an increase in cooling loads is indicated for the climate of Heraklion. Obviously the total energy demand is remarkably smaller for the city of Heraklion as in an average basis the total load demand for Heraklion is 43% smaller than the demand for the city of Thessaloniki. Besides, this is expected, as Heraklion is situated in southern latitude than Thessaloniki and thus it has a warmer climate.
In addition it is pointed out that the difference in the contribution of heating and cooling load in the overall energy demand is remarkable, as for the climate of Thessaloniki average heating loads account for the 92% of the total load demand and cooling loads only for the 8%, while for the climate of Heraklion average heating loads contribute by 81% on the total demand, while cooling loads by 19%. Despite the fact that heating loads are dominating in the total energy demand for both climatic zones, the significant increase in cooling demand calculated for the urban blocks in the case of Heraklion proves the degree at which energy demand can be affected by cooling demand. On the other hand it is also remarked that in some cases the contribution of cooling load can reach up to 21%, while for the city of Thessaloniki it does not exceed 8.5% in any case. Conclusions on the effect of compactness can also be derived by the comparative examination of the mean values of heating, cooling and total load demand for each one of the three groups of urban blocks for Thessaloniki (Figures 9a, 10a and 11a) and Heraklion (Figures 9b, 10b and 11b) other hand it is also remarked that in some cases the contribution of cooling load can reach up to 21%, while for the city of Thessaloniki it does not exceed 8.5% in any case. Conclusions on the effect of compactness can also be derived by the comparative examination of the mean values of heating, cooling and total load demand for each one of the three groups of urban blocks for Thessaloniki (Figures 9a, 10a and 11a) and Heraklion (Figures 9b, 10b and 11b) respectively.
In the case of Thessaloniki, group 3 presents improved total energy performance compared to groups 1 and 2, according to the derived mean values. However, if heating and cooling periods are examined separately, then for the heating period group 3 has still the best energy profile, while for the cooling period it is group 2, which presents less energy demand. Similar conclusions are drawn also for the city of Heraklion. This means that in a mean value comparison for both cities energy efficiency is favored by the small height urban block forms (10 m), while only for the cooling period medium height blocks (16 m) favor energy efficiency. It should be noted that this is a conclusion that regards densely built urban forms as the ones examined. In addition, it is also pointed out that according to the above mentioned conclusions, if values are ranked separately for each urban block, then for both cities not all urban blocks of group 3 necessarily rank better in terms in of energy efficiency than urban blocks of group 1 and 2. This means that there are other geometry parameters which affect energy efficiency at an urban block scale besides urban block height. For example it is obvious that in group 1 there is a tendency for all urban blocks with a large plot surface to perform better than the majority of urban blocks of group 2 and 3. This means that the combination of large height to large plot surface can result in more energy efficient urban forms.
However, values of load demand for group 2 present the larger range between values, indicating that urban blocks of this group can either present energy efficiency or have a totally unfavorable energy profile depending on their form. Therefore, for the assessment of energy efficiency at the urban block scale; all geometry parameters should be taken into account in order to draw reliable conclusions.
The mean difference in load demand among groups is more intense for the majority of cases of urban blocks belonging in group 3 (group 1 and 2 present a mean difference of 86 KWh/m 2 while group 3 a mean difference of 90 KWh/m 2 ), meaning that smaller height urban blocks (e.g., group 3) appear to have a slightly larger decrease of energy demand for the city of Heraklion. This proves that In addition, it is also pointed out that according to the above mentioned conclusions, if values are ranked separately for each urban block, then for both cities not all urban blocks of group 3 necessarily rank better in terms in of energy efficiency than urban blocks of group 1 and 2. This means that there are other geometry parameters which affect energy efficiency at an urban block scale besides urban block height. For example it is obvious that in group 1 there is a tendency for all urban blocks with a large plot surface to perform better than the majority of urban blocks of group 2 and 3. This means that the combination of large height to large plot surface can result in more energy efficient urban forms.
The mean difference in load demand among groups is more intense for the majority of cases of urban blocks belonging in group 3 (group 1 and 2 present a mean difference of 86 KWh/m 2 while group 3 a mean difference of 90 KWh/m 2 ), meaning that smaller height urban blocks (e.g., group 3) appear to have a slightly larger decrease of energy demand for the city of Heraklion. This proves that In the case of Thessaloniki, group 3 presents improved total energy performance compared to groups 1 and 2, according to the derived mean values. However, if heating and cooling periods are examined separately, then for the heating period group 3 has still the best energy profile, while for the cooling period it is group 2, which presents less energy demand. Similar conclusions are drawn also for the city of Heraklion. This means that in a mean value comparison for both cities energy efficiency is favored by the small height urban block forms (10 m), while only for the cooling period medium height blocks (16 m) favor energy efficiency. It should be noted that this is a conclusion that regards densely built urban forms as the ones examined.
In addition, it is also pointed out that according to the above mentioned conclusions, if values are ranked separately for each urban block, then for both cities not all urban blocks of group 3 necessarily rank better in terms in of energy efficiency than urban blocks of group 1 and 2. This means that there are other geometry parameters which affect energy efficiency at an urban block scale besides urban block height. For example it is obvious that in group 1 there is a tendency for all urban blocks with a large plot surface to perform better than the majority of urban blocks of group 2 and 3. This means that the combination of large height to large plot surface can result in more energy efficient urban forms.
The mean difference in load demand among groups is more intense for the majority of cases of urban blocks belonging in group 3 (group 1 and 2 present a mean difference of 86 KWh/m 2 while group 3 a mean difference of 90 KWh/m 2 ), meaning that smaller height urban blocks (e.g., group 3) appear to have a slightly larger decrease of energy demand for the city of Heraklion. This proves that urban form has a more intense effect (though slightly) when defining the energy profile of urban blocks in southern climates.
The urban blocks which are organized in the three groups examined differ not only in the layout plan configuration, but mainly in the mean building height. It is therefore pointed out that the height parameter affects the impact of climate on building energy performance and that urban morphology in densely built urban areas is related to energy demand in a great extent. Both heating and cooling loads have a larger difference in case of smaller height. Group 3, having the smaller height (10 m), presents the larger difference of load demand, while group 1, having the larger height (22 m), presents the smallest one.
Furthermore the examination of the range of energy demand values for each group shows that for groups 1 and 2 urban form can affect energy demand in both climatic zones by a factor of 1.2 while for group 3 by a factor of 1.1. This is a rather insignificant difference, but considering that typologies included in all three groups have a limited range in several form parameters (coverage ratio, plot surface, continuous form) it could be considered that in a broader examination of typologies a larger difference would result.
Moreover, it can be highlighted that the majority of urban blocks in which maximum values are observed for the three groups, have rectangular square plan proportions. An exception appears for the city of Heraklion as regards the maximum heating load, which appears to be for block 3.3. However, the rectangular square typology (block 3.4) in this case has also a very close value of heating load demand (91.90 KWh/m 2 ) to the value of block 3.3 (92.18 KWh/m 2 ).
For the minimum values it can be remarked that for both cities the same urban blocks present the minimum values for heating and cooling demand. It is also observed that plan proportions of the urban blocks vary for each group and they also differ for the heating and for the cooling period. In addition, for group 1 the total load demand for the two cities appears in a different typology, but this is rather an issue of balance between heating and cooling period. Tables 6 and 7 present the plan configuration of the urban blocks that have the maximum and minimum values in each group for heating, cooling and total loads for the city of Thessaloniki and for the city of Heraklion as well. It is obvious by the comparison of the two tables that maximum values appear in small sized urban blocks, while minimum values in large urban blocks. Therefore, larger configurations present improved energy efficiency when compared to larger ones. urban form has a more intense effect (though slightly) when defining the energy profile of urban blocks in southern climates. The urban blocks which are organized in the three groups examined differ not only in the layout plan configuration, but mainly in the mean building height. It is therefore pointed out that the height parameter affects the impact of climate on building energy performance and that urban morphology in densely built urban areas is related to energy demand in a great extent. Both heating and cooling loads have a larger difference in case of smaller height. Group 3, having the smaller height (10 m), presents the larger difference of load demand, while group 1, having the larger height (22 m), presents the smallest one.
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For the minimum values it can be remarked that the minimum values for heating and cooling demand. urban blocks vary for each group and they also diff In addition, for group 1 the total load demand for the this is rather an issue of balance between heating and Tables 6 and 7 present the plan configuration of minimum values in each group for heating, cooling a for the city of Heraklion as well. It is obvious by the values appear in small sized urban blocks, while min larger configurations present improved energy efficien Table 7 . Urban blocks presenting the minimum values for heating cooling and total load demand in each group for the two examined cities. Table 7 . Urban blocks presenting the minimum values for heating cooling and total load demand in each group for the two examined cities. Table 7 . Urban blocks presenting the minimum values for heating cooling and total load demand in each group for the two examined cities. Table 7 . Urban blocks presenting the minimum values for heating cooling and total load demand in each group for the two examined cities. Table 7 . Urban blocks presenting the minimum values for heating cooli each group for the two examined cities. Moreover, it can be highlighted that the majority of urban blocks in which maximum values are observed for the three groups, have square plan proportions. An exception appears for the city of Heraklion as regards the maximum heating load, which appears to be for block 3.3. However, the square typology (block 3.4) in this case has also a very close value of heating load demand (91.90 KWh/m 2 ) to the value of block 3.3 (92.18 KWh/m 2 ).
For the minimum values it can be remarked that for both cities the same urban blocks present the minimum values for heating and cooling demand. It is also observed that plan proportions of the urban blocks vary for each group and they also differ for the heating and for the cooling period. In addition, for group 1 the total load demand for the two cities appears in a different typology, but this is rather an issue of balance between heating and cooling period.
Correlation of Form Parameters to Space Load Demand
In order to examine the relation of energy performance to geometry parameters for the different climatic conditions, the Pearson correlation coefficient was used for all three groups. Results are presented for each group (Tables 8-13 ) for the two cities. It is indicated that S/V ratios of all urban blocks for all groups are significantly correlated to heating and cooling loads calculated for both the city of Thessaloniki and the city of Heraklion. Obviously the correlation is positive, showing that the larger the exposed surface of an urban block for a certain volume is, the larger the energy demand derives. This indicates that heat losses from the building shell define the energy efficiency of urban blocks for both climatic zones. This means that the expected reduction of solar gains which is expected in high density urban blocks as a result of high S/V values is not. Moreover, it can be highlighted that the majority of urban blocks in which maximum values are observed for the three groups, have square plan proportions. An exception appears for the city of Heraklion as regards the maximum heating load, which appears to be for block 3.3. However, the square typology (block 3.4) in this case has also a very close value of heating load demand (91.90 KWh/m 2 ) to the value of block 3.3 (92.18 KWh/m 2 ).
In order to examine the relation of energy performance to geometry parameters for the different climatic conditions, the Pearson correlation coefficient was used for all three groups. Results are presented for each group (Tables 8-13 ) for the two cities. It is indicated that S/V ratios of all urban blocks for all groups are significantly correlated to heating and cooling loads calculated for both the city of Thessaloniki and the city of Heraklion. Obviously the correlation is positive, showing that the larger the exposed surface of an urban block for a certain volume is, the larger the energy demand derives. This indicates that heat losses from the building shell define the energy efficiency of urban blocks for both climatic zones. This means that the expected reduction of solar gains which is expected in high density urban blocks as a result of high S/V values is not. ** Correlation is significant at the 0.01 level (2-tailed).
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Correlation of Form Parameters to Space Load Demand
In order to examine the relation of energy performance to geometry parameters for the different climatic conditions, the Pearson correlation coefficient was used for all three groups. Results are presented for each group (Tables 8-13 ) for the two cities. It is indicated that S/V ratios of all urban blocks for all groups are significantly correlated to heating and cooling loads calculated for both the city of Thessaloniki and the city of Heraklion. Obviously the correlation is positive, showing that the larger the exposed surface of an urban block for a certain volume is, the larger the energy demand derives. This indicates that heat losses from the building shell define the energy efficiency of urban blocks for both climatic zones. This means that the expected reduction of solar gains which is expected in high density urban blocks as a result of high S/V values is not. It can also be remarked that for group 1 and for both examined climatic zones, cooling loads have a stronger correlation to S/V ratio than heating loads. For both cities Pearson correlation coefficient has similar values. Moreover, for heating loads, the correlation coefficient is larger for the city of Thessaloniki, indicating a trend for a stronger correlation of heating loads to the S/V ratio compared to the case of Heraklion.
For group 1 correlation is significant for all examined parameters (Table 8) . Concerning coverage ratio it can be remarked that it has a significant negative correlation to load demand which means that larger coverage ratios favor energy efficiency. The same is for the building ratio and inner court perimeter; again the correlation is negative, meaning that the large values of these two parameters favor also energy efficiency as load demand is reduced.
Inner court perimeter is a factor which is rarely taken into account [41, 42] in urban block's energy efficiency assessment and it is has not a linear relation to the S/V ratio as it depends on more complex parameters influencing the urban form (regulation restrictions, daylighting issues, natural ventilation needs, plot geometry, building height etc.). Conclusions on inner court perimeter support that the correlation of inner court perimeter to energy demand is inverse of the correlation of S/V to the energy demand, as the first factor has a positive correlation coefficient while the second a negative one. This means that while a small S/V value favors energy efficiency a small inner court perimeter value is unfavorable.
Concerning urban block size it is also pointed out that there is a negative correlation for the climate of Thessaloniki, which means that large urban blocks are expected to have a favorable energy performance. However, for the city of Heraklion block size has a positive correlation to the total load demand. This means that larger urban blocks are expected to have unfavorable energy performance. However, the correlation of urban block size has opposite effect during the cooling and the heating period; for the heating period correlation is negative, while for the cooling period it has a positive value, as is also for the total demand.
Examining Pearson correlation coefficients for groups 2, (Tables 10-13 ) it can be remarked that in these groups, coverage ratio and building ratio have no significant correlation neither to heating nor to cooling loads. Similarly, inner court perimeter presents no significant correlation, except from cooling loads of group 2 for Thessaloniki and to cooling loads of group 3 both for Thessaloniki and Heraklion. Finally, urban block size has a negative correlation to the total load demand for both cities.
Regression Models for the Two Climates
In this paper, special interest is given to the correlation study, which intends to highlight the most dominant parameters determining total energy demand in urban blocks.
The examination of the correlation between the load demand and the geometry parameters proved that the energy demand depends on all the examined parameters. It is thus important to identify the mathematical model which can describe the relation of the energy demand to the geometry parameters of the urban blocks.
A multiple linear regression model for each one of the two cities has been developed to assess the energy performance of the urban block according to the climatic conditions. The dependent variable is the Total Load demand (TL) and the independent variables are the Surface to Volume ratio (S/V), the Building ratio (BR), the urban block Height and the Inner Court Index (CP/PS).
Separate regressions were performed for the two different cities. For the statistical analysis IBM SPSS 24 platform was used. Each model could predict the total load demand of any urban block of continuous form according to the values of the independent variables. The values of the urban blocks' geometry parameters should of course be in the same range as the parameters of the analyzed urban blocks.
First the normality of the distribution of the dependent variable is examined for both models. The test of normality (one sample Kolmogorov-Smirnov) for the total load demand for the climate of Thessaloniki (Total Load Th) and the total load demand for the climate of Heraklion (Total Load H) is presented in Table 14 . The null hypothesis is retained in both cases proving that the normal distribution is confirmed. The linear regression model for Thessaloniki is described in Table 15 and for Heraklion in Table 16 . Sig. values are smaller than 0.05 for both models, confirming the significance of the corresponding regression coefficients. A 95% confidence interval was considered. The coefficient of determination R 2 is equal to 0.765 for the regression model of total load demand for the city of Thessaloniki and 0.799 for the regression model of Heraklion which means that 76.50% of the variations in annual load demand for heating and cooling can be explained by differences in the four parameters describing urban block form for the model of Thessaloniki and 79.90% of the variations in annual load demand for heating and cooling can be explained by differences in four urban block form parameters for the model of Heraklion. Model summary parameters for the two cities are presented in Tables 17 and 18 . According to the analysis the regression equation for Thessaloniki (Equation (1)) and for Herkalion (Equation (2) The analysis shows that both regression models satisfy all the assumptions of correlation including, independence, linearity and homoscedasticity. Multicollinearity can be detected using variance inflation factor (VIF) and Tolerance factor (T). As a general rule which indicates that no collinearity issues exist, values for VIF and T should be: 1 < VIF < 10 and T > 0.1. The results presented in Table 19 indicate that the multicollinearity is not a problem in the developed regression model as for all independent variables both factors are within the above mentioned limits. The coefficient of determination R 2 is equal to 0.765 for the regression model of total load demand for the city of Thessaloniki and 0.799 for the regression model of Heraklion which means that 76.50% of the variations in annual load demand for heating and cooling can be explained by differences in the four parameters describing urban block form for the model of Thessaloniki and 79.90% of the variations in annual load demand for heating and cooling can be explained by differences in four urban block form parameters for the model of Heraklion. Model summary parameters for the two cities are presented in Tables 17 and 18 . According to the analysis the regression equation for Thessaloniki (Equation (1)) and for Herkalion (Equation (2) 
where:
• TLTh is the total load demand value for the city of Thessaloniki, • TLH is the total load demand value for the city of Heraklion, • CP/PS is the Inner Court index, • PS is the urban block plot surface, • H is the urban blocks' building height and, • S/V is the surface to volume ratio.
The analysis shows that both regression models satisfy all the assumptions of correlation including, independence, linearity and homoscedasticity. Multicollinearity can be detected using variance inflation factor (VIF) and Tolerance factor (T). As a general rule which indicates that no collinearity issues exist, values for VIF and T should be: 1 < VIF < 10 and T > 0.1. The results presented in Table 19 indicate that the multicollinearity is not a problem in the developed regression model as for all independent variables both factors are within the above mentioned limits. Statistical tests performed to evaluate the goodness of fit of the model are presented above for each one of the models. As it is indicated by all tests the importance of all independent variables and the independence of residuals are confirmed (Figures 12 and 13 ).
Regression Model's Validation
For the validation of both regression models three urban blocks (one for each group) were simulated for both climates and the results of the simulations were compared to the ones predicted by the two functions. The form and geometry parameters of the three urban block typologies used to validate the regression models are presented in Table 20 . The results of the comparison show that for all groups both models can provide reliable results on the prediction of total energy demand ( Figure 14) . More specifically both regression model present a tendency to underestimate the total energy demand of all three urban blocks but the variation of calculated values to simulated values is very small (less than 4.5%) in all cases which means that the prediction of load demand can be considered reliable. Statistical tests performed to evaluate the goodness of fit of the model are presented above for each one of the models. As it is indicated by all tests the importance of all independent variables and the independence of residuals are confirmed (Figures 12 and 13 ).
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The results of the comparison show that for all groups both models can provide reliable results on the prediction of total energy demand ( Figure 14) . More specifically both regression model present a tendency to underestimate the total energy demand of all three urban blocks but the variation of calculated values to simulated values is very small (less than 4.5%) in all cases which means that the prediction of load demand can be considered reliable. 
Discussion
It is well known that the sustainable development of a city is mainly a matter of strategies targeted in all three pillars of sustainability, including economy, society and environment. As a large amount of energy in contemporary cities is consumed for the heating and cooling of buildings, the improvement of energy efficiency at a city scale could obviously improve not only the environmental quality of the urban areas, but also contribute on the economic growth and promote a better quality of living for the society. However, individual efforts can only partially improve the quality of life of the inhabitants and do not reserve a sustainable future for the cities. This is why the research proposes that the energy performance of the urban tissue should be examined at an urban block scale rather than at a building scale and that the overall geometry of the urban block should be taken into account when it comes to energy efficiency issues.
Moreover, following the fact that the urban tissue of the Greek city suffers from degradation, low construction quality of buildings and lack of energy conscious design this paper proved that it is possible to define strategies for improving energy efficiency at an urban block scale through the consideration of urban form parameters. The results of the research pointed out the parameters of geometry that mostly affect energy efficiency for each one of the two climates examined. In addition the extent to which climatic conditions differentiate the share of heating and cooling loads on the total energy demand of the urban blocks is defined, pointing out that the balance of heating and cooling differs significantly according to climate.
More specifically, the comparison of load demand for the climate conditions of the two cities showed that despite the fact that cooling loads have an increased effect on the total energy demand for the climate of Heraklion; it is still heating demand that defines the energy profile of the urban blocks. In addition it has been pointed out that urban blocks with smaller heights seem to be more energy efficient for both climates, on a mean value comparison basis. However, it has been proved as well, that height cannot define the energy profile of urban blocks without taking into account other parameters of geometry as well. The combination of large height and large urban block plot surface can result in even more energy efficient urban forms. This is a useful finding for targeting upgrading strategies and setting priorities to the energy upgrade of similar urban forms for the city of Thessaloniki and for the city of Heraklion. As it is not feasible to upgrade simultaneously the total building stock of a city, it is very important to define in which areas a regeneration of the building stock could provide the maximum profit in terms of energy efficiency.
Urban form has been proved to affect energy demand by a factor of 1.2, which is smaller to the factor of 2 proposed by Ratti [10] , but it can still be considered an important effect keeping in mind 
More specifically, the comparison of load demand for the climate conditions of the two cities showed that despite the fact that cooling loads have an increased effect on the total energy demand for the climate of Heraklion; it is still heating demand that defines the energy profile of the urban blocks. In addition it has been pointed out that urban blocks with smaller heights seem to be more energy efficient for both climates, on a mean value comparison basis. However, it has been proved as well, that height cannot define the energy profile of urban blocks without taking into account other parameters of geometry as well. The combination of large height and large urban block plot surface can result in even more energy efficient urban forms. This is a useful finding for targeting upgrading strategies and setting priorities to the energy upgrade of similar urban forms for the city of Thessaloniki and for the city of Heraklion. As it is not feasible to upgrade simultaneously the total building stock of a city, it is very important to define in which areas a regeneration of the building stock could provide the maximum profit in terms of energy efficiency. Urban form has been proved to affect energy demand by a factor of 1.2, which is smaller to the factor of 2 proposed by Ratti [10] , but it can still be considered an important effect keeping in mind that the typologies examined have a limited range of values of urban form parameters as they are high density compact blocks. It is expected that an examination of discontinuous forms with lower densities could increase this effect.
In addition, the examination of correlations showed that for urban blocks having a continuous form and large building heights, all geometry parameters examined contribute to the definition of their energy performance, as they all have a significant correlation with the energy demand for both climates. However, for smaller building heights the most correlated parameter seems to be the S/V ratio, meaning that the exposed surface in these cases plays an important role on the definition of the heating and cooling loads. Besides the S/V ratio is a parameter that has been correlated to energy demand by other researchers as well [17] and it has also been proved by Martins et al. [19] to have a significant effect in illuminance and irradiation levels of the buildings' facades. In this research however its effect on the energy demand is quantified and proved to have the largest coefficient in both regression models. The findings of the research proved also that the effect of the S/V parameter on the total energy demand is larger by a factor of 1.7 for climatic zone C than for climatic zone A. It is almost the same for the Inner court index on an absolute value basis where CP/PS has a larger effect on the total energy demand for climatic zone C by a factor of 1.6.
It has also been proved that the inner court geometry affects the energy performance of the urban blocks with large building heights in a negative way, as it defines the exposed shell of the urban block towards the inner uncovered space. This means that larger perimeters of the inner court favor energy efficiency and could be promoted in a building regulation recast basis. Building line boundaries in terms of set-backs (which are defined in the Greek building regulation only for the plots' side that faces the street) could also be set for the rear side of the plot, in an appropriate way in order to promote the larger possible perimeter of the buildings.
Moreover, as already mentioned the plot size of the urban block seems to be a decisive parameter for its energy profile, as it can significantly correlate to space load demand, especially in cases of medium or large building height urban blocks. Urban design or strategies for the urban regeneration or expansion plans should therefore promote larger urban block configurations.
Under this conclusion a new index is introduced (called the Inner Court Index) combining the above mentioned parameters. This index can be used to describe the relation of inner court geometry and block size with the energy demand.
Finally, two linear regression models have been developed for the two climates analysed, proving that the total load demand of each climate can be predicted by four main form parameters. Plot Surface, Height, S/V ratio and CP/PS ratio.
The validation of the regression models through the simulation of three different typologies representing all three groups showed that the models can produce reliable results on the prediction of energy demand of the urban blocks. This means that the assessment of the majority of urban blocks of the Greek cities with similar climate can be estimated through four simple form and geometry factors and useful results can be drawn at the city level.
This research examined densely built urban blocks with a continuous urban form, in order to define the effect of climate on the relation between urban form and energy performance. The research suggests that in any case the sustainable development at the city scale should take into account local context parameters (not only climate but also regulation limitations and guidelines for urban planning and building design, user's habits and even market constraints and in general all parameters which contribute at the formation of the built environment). The quantification of the effect of urban form factors on the total load energy demand of detailed (context based) building typologies can provide both specific conclusions on the energy profile of urban blocks according to climate and generalized results as well in the city scale. The findings of the research can be applied also not only on the two cities examined but also an all urban areas of Greece belonging in climatic zones A and C. This means that this paper provides a method to assess the energy performance of densely built urban blocks in several urban tissues of Greece.
Further research should take into account results for climatic zones B and D in order to be able to assess the energy performance of urban blocks in all Greek cities. Moreover less dense urban blocks, and discontinuous forms, should also be examined, where both heating losses and solar gains are expected to be increased, in order to develop models that will be able to assess energy performance for the majority of urban typologies characterizing the Greek city. Finally, scenarios of upgrading should also be examined in order to define the role of urban morphology on energy efficiency when it comes to insulated shells.
Conclusions
The results of the study in the Greek city context, indicated that the energy profile of all building block typologies examined is related to their form and geometry parameters. The two basic form parameters that express the degree of the exposed shell in general (S/V) and the degree of the exposed shell towards the inner court (CP/PS) of the urban block have been proved to affect the energy demand in an opposite way. The S/V ratio has a negative effect while the Inner Court Index has a positive effect on the total energy demand for both climates. However these two factors have been defined as the most important ones for the examination of the overall energy demand in Greek climatic conditions.
Climate can change significantly the balance of heating and cooling demand of urban blocks despite the fact that it does not alter significantly the effect of urban form on energy performance. However, the results of the research showed that the urban block form is a significant factor for the definition of energy efficiency at a city scale. It can also be concluded that geometry factors are significantly correlated to the energy demand during the heating and the cooling period. This is why the energy performance assessment of urban forms should take into account all correlated parameters.
Finally it is suggested that strategies for improving the energy efficiency (urban regeneration plans, expansion plans etc.) of cities, and future building regulations should promote new tools, which will take into account the (positive or negative) effect of all geometry parameters proven to significantly affect the energy demand for heating and cooling.
